Biotransformation of monocillin I (1) by Beauveria bassiana ATCC 7159 was investigated. Two new derivatives 2 and 3 were isolated and identified on the basis of the spectroscopic data. Compounds 2 and 3 are synthesized by hydration at 10,11-double bond and hydrolysis of 14,15-epoxide, respectively. The R configuration of 11-OH in 2 was established by the modified 2-methoxy-2-trifluoromethylphenylacetic acid (MTPA) method. The conversion of 1 to 2 and 3 was reconstituted in an acid solution, indicating that the formation of 2 and 3 is an acid-catalyzed instead of an enzymatic process.
Monocillin I (1, Figure 1 ) is an antifungal and antitumor natural product isolated from Monocillium nordinii [1, 2] and Paraphaeosphaeria quadriseptata [3] . It has shown significant activity against a wide variety of fungi, including Ceratocystis ulmi, which is the cause of Dutch elm disease [1] . Recently, we have reported that this macrolide possesses selective cytotoxicity against the human cancer cell lines, NCI-H460, MCF-7, SF-268, and MIA Pa Ca-2 compared with the normal human fibroblast cells WI-38 [3] . In addition, 1 and its chlorine containing analogue radicicol were found to be strong Hsp90 inhibitors [4] . Due to these promising biological properties, chemical synthesis of 1 has been extensively studied [5a-5d] .
Beauveria bassiana (Balsamo) Vuillemin. (Clavicipitaceae) is a globally occurring soil borne filamentous fungus. As an aggressive entomopathogenic and parasitic fungus, B. bassiana causes a disease called white muscadine in insects. Thus, this fungus finds applications as a microbial insecticide and has shown a great potential for the management of various insect pests. B. bassiana has frequently been employed in biotransformation studies due to its abundant enzyme systems, broad substrate acceptability, and its capability to effect diverse types of reactions. It was well documented that this fungus has been successfully used for the biotransformation of more than 300 different substrates [6] . We have previously used the strain ATCC 7159 to synthesize a series of new compounds from aromatic molecules such as curvularin and quercetin [7] [8] [9] [10] . Encouraged by these results, we decided to conduct a small scale screening experiment using 1 as the substrate. As a macrolide, 1 has a similar structure with curvularin, from which we have previously synthesized three new glycosides through whole-cell biocatalysis with B. bassiana [7] . We therefore expected to obtain similar products from 1. The small scale biotransformation broth was extracted with ethyl acetate and analyzed on TLC (n-hexaneacetone 1:1, v/v). Two polar spots 2 (R f = 0.35) and 3 (R f = 0.50) were observed, which were absent in the substrate and culture controls. We then scaled up the biotransformation experiment in 1 L of PDB medium using 20 mg of the substrate under the same conditions, from which 2 (3.8 mg) and 3 (3.3 mg) were isolated in pure form (Figure 1 ) .
Low resolution APCIMS (positive mode) of both 2 and 3 showed a quasimolecular ion peak [M+H] + at m/z 349, which is 18 units greater than 1, suggesting a molecule of H 2 CH 2 signal at δ 48.0 and oxygenated CH at δ 83.6, which have corresponding proton signals at δ 2.64 and 2.50, and δ 5.12, respectively. To determine the position of this new oxygenated CH, a COSY spectrum of 2 was measured, from which a spin system of CH 2 (δ 2.64 and 2.50)-CH (δ 5.12)-CH-CH-CH-CH-CH 2 -CH-CH 3 (corresponding to C-10 to C-18) was observed. This evidence clearly revealed that the hydroxyl group was introduced at C-11.
To identify the absolute configuration of 11-OH, MTPA esters were prepared using modified Mosher's method. To prepare the MTPA esters, the 3-OH and 5-OH of 2 were first methylated with CH 3 I/K 2 CO 3 to yield 4. The structure of this dimethylated product 4 was confirmed by the [M+H] + ion peak at m/z 377, and two methoxy singlet signals at δ 3.92 and 3.79 in the Figure 2 , based on which the R configuration of 11-OH can be determined. Therefore, the structure of 2 can be established as shown in Figure 1 . Low resolution APCIMS and high resolution FABMS spectra of 3 suggested that it has the same molecular formula as 2, indicating that this compound is also a water addition product. However, unlike compound 2, the 13 C NMR spectrum of 3 showed that the presence of two conjugated double bonds (δ 131.6, 140.3, 126.5 and 145.3), suggesting that the H 2 O unit was not added to either of the double bonds in the macrolactone ring. Further analysis of the 13 C and 1 H NMR data revealed that both proton and carbon signals of C-14 (δ 3.58 and 72.4) and C-15 (δ 4.67 and 68.6) shifted downfield compared to those of 1, suggesting that the epoxide was opened through hydrolysis. Observation of the doublet signals of 14-OH and 15-OH at δ 4.26 and 3.83, respectively, further confirmed that 3 is a hydrolysis product of 1. Although the proton signals of H-14 and H-15 significantly shifted downfield, the coupling constant (J = 9.6 Hz) are similar to that in 1 (J = 9.4 Hz), which suggested that C-14 and C-15 remain the same configuration, indicating the β and α configuration of 14-OH and 15-OH, respectively. Therefore, the structure of 3 was established as shown in Figure 1 .
As we did not observe any expected glycosides from the biotransformation experiment, 2 and 3 seem more likely to be chemical conversion products. The final pH of the biotransformation broth was 2.36, which created an acidic environment in the broth. To test whether the formation of 2 and 3 is an enzymatic or chemical process, we made 50 mL of 1 M acetic acid solution with pH 2.4 in a 125-mL flask, to which we added 1 mg of 1. The reaction mixture was maintained on a rotary shaker at 180 rpm at 25°C for 6 hours. TLC analysis showed that 2 and 3 were produced in this acid solution, confirming that the hydration and hydrolysis of 1 to yield 2 and 3 are acid-catalyzed. Thus, the low pH formed during the growth of B. bassiana played a critical role in the process. Our results revealed that the hydration selectively occurred at C10,C11-double bond of 1 to give rise to a new compound 2. Similarly, acidcatalyzed ring opening of the C14,C15 epoxide led to the formation of another new monocillin I derivative 3. The investigation of the biological activities of these new compounds is under way.
Experimental
General: 1D and 2D NMR spectra were recorded in acetone-d 6 consisted of fermentation broth of B. bassiana ATCC 7159 without the substrate but with the same volume of acetone, and the substrate control consisted of sterile PDB medium with the same amount of a solution of 1 in acetone. Both controls were incubated under the same conditions. All cultures were then filtered and the filtrates were extracted with the same volume of EtOAc. After evaporation of the solvent, the samples were dissolved in MeOH and checked on normal phase TLC, developed with n-hexane-acetone (1:1, v/v). A preparative scale experiment was carried out in 20 125-mL flasks, each containing 50 mL of PDB under the same circumstances and conditions as the small scale biotransformation. A total of 20.0 mg of 1 was used.
Isolation and identification of 2 and 3:
The large scale biotransformation broth was extracted as for the small scale, yielding 115.7 mg of extract. The extract was separated on a 6-g Sephadex LH-20 column, eluted with an increasing gradient system of n-hexane-acetone (4:1 to 1:1, v/v), and finally acetone, yielding five fractions including Fr.1 (38.0 mg), Fr. 2 (6.7 mg), Fr. 3 (10.5 mg), Fr. 4 (51.7 mg) and Fr. 5 (8.4 mg). Fr. 3 and 4 were found to contain both 2 and 3, which were further separated on RP-TLC (developed with 55% MeOH-H 2 O) to yield pure 2 (3.8 mg) and 3 (3.3 mg). 
Dimethylation of 2:
Methyl iodide (150 µL) and K 2 CO 3 (10 mg) were added to a solution of 2 (3.0 mg) in acetone (500 µL) and stirred at 25°C overnight. The reaction mixture was filtered and the filtrate was evaporated under reduced pressure. The crude product was further purified on normal phase TLC developed with n-hexane-acetone (2:1, v/v) to yield 4 (2.8 mg). Chemical conversion of 1 to 2 and 3: The substrate (0.1 mL of a solution of 10 mg/mL in acetone) was added to 50 mL of 1M acetic acid solution (pH 2.4) in a 125-mL shaker flask, which mimics the acidic environment in the fermentation broth of B. bassiana. The reaction mixture was maintained under the same conditions as the biotransformation broth except a shorter treatment time (6 hours). The solution was extracted and checked as described above, with 2 and 3 as standards.
